We consider the plasmon-polaritons along a layer of hyperbolic metamaterial propagating in the plane of the anisotropy axis with an arbitrary its orientation. As a layer material, we use periodic plane-layered artificial mediumhyperbolic metamaterial of thin metal and dielectric layers and produce its homogenization. The conditions for the existence of fast, slow, leakage, gliding flowing, forward and backward plasmon-polaritons are found. The Fresnel formulas for the diffraction of a plane wave of arbitrary polarization on such a structure are obtained. The dispersion of plasmon-polaritons and plane wave diffraction are calculated. It is proposed to use a strong magnetic field to control dispersion and scattering.
Introduction
In recent years there is increased interest in metamaterials or artificial media (AM) with hyperbolic dispersion law , called hyperbolic metamaterials (HMM), including the HMM in the frequency area where one of the components of the effective dielectric permittivity (DP) tensor is closed to zero, or the so-called ENZ (epsilon-near-zero) AM [23] . The HMM is usually a single-axis electromagnetic AM or photonic crystal (PC), where homogenization gives different signs of the real part of the two main diagonal components of the tensor of effective DP. It is usually made of thin conductive metal, semiconductor or graphene layers periodically embedded in the dielectric background Fig. 1 . In such a uniaxial electromagnetic crystal, the axis is directed perpendicular to the layers, and two transverse to the axis components of the DP tensor may have the property 0     , In reality, the DP of thin layers depends on their thickness and is determined by quantum effects.
We will use approximate parameters for a massive or bulk silver sample with 16 
. This is a condition for the existence of slow plasmon-polaritones (PP) at the metal-vacuum boundary. In this case
. The waves of arbitrary directions are investigated in the HMM when the propagation direction does not coincide with the axis [21] . In the case of waveguide formation as a layer, such a HMM is called asymmetric [9] . Recently, waves in waveguides with a dielectric core and a shell of HMM have been studied [24, 25] . In these works the dissipation was not taken into account. In this paper, we investigate a waveguide as a layer of asymmetric HMM with an arbitrary orientation of the anisotropy axis Fig.1 and when considering dissipation.
Method of research
For the considered AM in the approximation of the absence of spatial dispersion (SD) the homogenization is given by simple formulas [13]  
The formulas taking into account the SD can be found in [13] and in a number of other works. 
the longitudinal component is small and strongly
dissipative. This is the so-called ENZ region [23] . We will further be interested in the case 
. In this case we have
. In this case one can again find In an infinite medium of HMM, we consider an electromagnetic wave of the form 
We write the homogeneous Maxwell equations in such AM as E H
Painting them by components, we have
In these equations, we took into account that the fields are independent of y. These equations are divided into two systems of equations: . The first has the form:
Here
. The first type of equations gives the H-wave with respect to z-axis, and the second one is E-wave. Consider first the latter. Equality to zero of its determinant gives Fresnel's
the following relations may be written:
Substituting them in the third, we have the DE, which we write in the form 
These two values correspond to opposite waves along x  . The second equation in (4) allows us to find the impedance:
It depends on the direction:
. Equating it to the impedance of an Ewave in a vacuum (8) 6 It defines two waves along each direction:
. In the case of symmetry 0  xz  we have the solution
this is Zenneck DE [26] [27] [28] [29] [30] . In the layered structure this equality is impossible. Such waveguide must be a homogeneous layer, either dielectric or metallic. In the latter case, the maximum deceleration will be at 1     , i.e. at the frequency of the plasmonic resonance.
In the case of a wave in the plate, the solution is
the components of the electric field are determined by the formulas (4). We'll need a component
In vacuum, we also need the solutions of the wave equation in the form:
They are written for areas . The fields on both sides have identical dependencies, and can have either an exponential decay in the vacuum side (surface gliding wave), or an exponential growth (antisurface or leakage wave). Therefore, it is enough to enter one constant in (11) with matching the fields on one surface [28] . 
. This is not a DE, but the matching condition in which the reflection coefficient is zero. For the transparent layer, this is the condition of the matching energy output for the transmission line at half-wave thickness of the dielectric layer. Transformation means unidirectional energy transfer. The DE is produced, if we change the sign of one of the impedances. For the asymmetric case the different leakage/gliding conditions lead to a change in the sign of the impedance and x k 0 in one of the equations (11) . Such system of equations has no solution. Determining
, it should be taken into account that the sign should be chosen so that the slow wave in the dissipative structure of the HMM from the vacuum was gliding with energy flowing (
), i.e. the energy from the vacuum should flow into the plate [26] [27] [28] [29] [30] . In this sense, taking
for gliding wave and
for leakage one. One can see that the gliding wave is surface (decreasing from the surface towards vacuum) and the leakage wave is antisurface (exponentially increasing). Let take 
. In this case, it should be taken the "plus" sign,
, and the wave is leaking, Fig. 1 
We divide the third equation by the first and get DE in the form
In the case of symmetry it takes the form
. There are the solutions
. The upper sign corresponds to the electric wall in the center, and the lower one corresponds to the magnetic wall. In
There are two DEs:
. Then for the square of the deceleration we find    
. Large deceleration is possible if the denominator is small or the numerator is large. . This is the Fresnel equation for ordinary wave. For this wave the impedance along the x-axis has the form
It cannot be matched with the corresponding impedance in vacuum, so H-PP along the boundary plane of infinite HMM sample does not exist. However, it occurs if there is a finite layer of HMM. In this case, as well as for a single metal layer [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , we have two solutions:
The solution with the sign "plus" corresponds to the electric wall, and with the sign "minus"to the magnetic wall in the center of the layer. These equations are the same as for the metal layer with 
Denote the hyperbolic tangent as T in the square equation (15) and assume that the plasmon is sufficiently slow. Then we have
In this case, for a slow PP the value T must be less than one and close to it. We see that it is possible the solution
with slow PP, and the plasmon with  z k cannot be very slow and weakly dissipative.
Investigation of special cases
Consider some special cases. They occur at different angles of the optical axis with the z axis or between the normal to the surface and the planes of the layers. Case 
is small and highly dissipative. The ordinary wave in this HMM behaves as in the dielectric. For an unusual wave under these conditions, an approximate solution for PP along the surface of a semiinfinite sample follows from (8) 
This is a slow PP along the surface of an infinitely thick sample. For him from the Fresnel equation 
i.e. the PP decays in the vacuum. Consider now the frequency area
. This is backward fast weakly dissipative PP. The DE (13) is convenient to analyze in the case of small layer thickness. In this case, replacing the tangent with its argument we have
Let consider the square bracket small. Also consider that the same way 
Here it is assumed that the value xx  is not small. In the case of the lower sign (magnetic wall) the PP is slower, and at low frequencies will be
, in the region of high slowing down the hyperbolic tangent is close to unity, i.e. the  is a small quantity. Therefore
The condition of slowness here is the same as for the half-plane: it is a plasmon resonance 1  
In the above frequency band this PP is fast:
From Fresnel's equation (6) . Immediately we see that for the ordinary wave and H-PP the direction of power flow gives the value z k . In vacuum, the ordinary wave corresponds to the s-polarization and the same component (21) 
